The surgeon dissecting the base of the mesenterium, around the superior mesenteric vein (SMV) and artery, is facing a complex tridimensional vascular anatomy and should be aware of the anatomical variants in this area. The aim of this systematic review is to propose a standardized terminology of the superior mesenteric vessels, with impact in colon and pancreatic resections. We conducted a systematic search in PubMed/MEDLINE and Google Scholar databases up to March 2017. Forty-five studies, involving a total of 6090 specimens were included in the present meta-analysis. The pooled prevalence of the ileocolic, right colic and middle colic arteries was 99.8%, 60.1%, and 94.6%, respectively. The superior right colic vein and Henle trunk were present in 73.9%, and 89.7% of specimens, respectively. In conclusion, the infra-pancreatic anatomy of the superior mesenteric vessels is widely variable. We propose the term Henle trunk to be used for any venous confluence between gastric, pancreatic and colic veins, which drains between the inferior border of the pancreas and up to 20 mm downward on the right-anterior aspect of the SMV. The term gastrocolic trunk should not be synonymous, but a subgroup of the Henle trunk, together with to gastropancreatocolic, gastropancreatic, or colopancreatic trunk. Published: xx xx xxxx OPEN www.nature.com/scientificreports/ 2 SCIENTIFIC REPORTS | (2018) 8:4184 | for tumors located in the uncinate process. A comprehensive knowledge of the infra-pancreatic SMV and SMA surgical anatomy is required.
The global burden of colorectal cancer parallels the present human development levels, and by 2030 is expected to increase by 60%, to more than 2.2 million new cases and 1.1 million deaths 1 . For colon cancer patients, the surgical resection represents the mainstay of treatment, with a 5-year relative survival of 89.9% and 71.3% for localized and regional stages, respectively 2 . However, the location of the tumor in the right colon is emerging as a significant negative prognostic factor, with a 20% increased risk of death compared with the cancers arising on the left side 3, 4 .
During the latest years, the western concept of complete mesocolic excision with central vascular ligation (CME-CVL) 5 and the eastern D3 lymphadenectomy 6 proved their oncological superiority over conventional colonic resections, with lower 5-year local recurrence rate and better overall survival 7 . The surgical safety, better perioperative results and non-inferior long-term oncological outcomes were proved for the laparoscopic CME-CVL 8 or D3 lymphadenectomy ( Supplementary Table I) 9, 10 . However, these surgical procedures are technically difficult and associated with more intraoperative organ injuries and severe non-surgical complications 11 .
Understanding the complex tridimensional anatomy of the superior mesenteric vein (SMV) and artery (SMA) is of paramount importance to minimize the iatrogenic injuries during modern radical resections for right colon cancers or surgical resection of tumors located in the uncinate process of the pancreas [12] [13] [14] . Standard textbooks of surgery are schematic, often contradictory, and do not offer the required anatomical details for one who embark on refined techniques such as CME-CVL, D3 lymphadenectomy for right colon cancers or pancreatic resections SCIENTIFIC REPORTS | (2018) 8:4184 | DOI:10.1038/s41598-018-22641-x Pooled prevalence and morphometric data of superior mesenteric artery and vein. Ileocolic vessels. The ileocolic vessels were the most constant anatomical structures, with a pooled prevalence of 99.7% and 99.8% for ilecolic vein (ICV) and artery (ICA), respectively ( Table 2 and Fig. 2 ). The ileocolic vein drainage was into the SMV in 97.6% of cases, into the Henle trunk in 1.9%, and into the jejunal trunk in 0.5% of cases. Related to the SMV, the ICA had a trajectory anterior to the vein in 42.6%, and posterior in 57.4% of cases (Fig. 2) . Henle trunk. The Henle trunk, defined as confluence of the right gastroepiploic vein (RGEV) with one or more colic veins, and with or without a pancreatic vein, was present in 89.7% of specimens ( Table 2 and Fig. 3 ). The Henle trunk was a gastro-pancreato-colic trunk (GPCT) in 60.5%, a gastro-pancreatic trunk (GPT) in 33.7%, a gastro-colic trunk (GCT) in 4.5%, and a colo-pancreatic trunk (CPT) in 1.3% of cases ( Fig. 4 ). The Henle trunk was a GCT made by the RGEV and SRCV in 5.4% of cases. It was a GPT made RGEV and anterosuperior pancreaticoduodenal vein (ASPDV) in 26.7%, and a CPT made by the ASPDV and SRCV in 1.1% of specimens.
The pooled prevalence of the Henle trunk as a GPCT trunk formed by RGEV, ASPDV and one colic vein was: 38.6% for RGEV + ASPDV + SRCV, 5.9% for RGEV + ASPDV + RCV, 2.1% for RGEV + ASPDV + MCV, and 0.9% RGEV + ASPDV + ICV.
The prevalence of the Henle trunk as a GPCT trunk formed by RGEV, ASPDV and 2 colic veins was: 9.5% for RGEV + ASPDV + RCV + SRCV, 2.6% for RGEV + ASPDV + RCV + MCV, 2.3% for RGEV + ASPDV + SRCV + MCV, 1.0% for RGEV + ASPDV + RCV + ICV.
The pooled prevalence of the Henle trunk as a GPCT trunk formed by RGEV, ASPDV and 3 colic veins was: 2.7% for RGEV + ASPDV + RCV + SRCV + MCV, and 1.2% for RGEV + ASPDV + RCV + SRCV + ICV.
The Henle trunk drained into the SMV, and right intestinal trunk of the SMV in 81.6% and 18.4% of cases, respectively.
The Henle trunk had a pooled mean diameter of 3.9 mm ( Fig. 5 ), and a mean length of 14.2 mm. The pooled mean distance between the inferior border of the pancreas and the emergence of the Henle trunk was 7.5 mm.
Publication bias. Sensitivity analysis was conducted to assess statistical heterogeneity, through the exclusion of specific studies with high risk of bias ( Supplementary Table IV ). There were no relevant changes in the overall effects of the quantitative synthesis. Analysis of the LFK index revealed no asymmetries for 19 outcomes, minor asymmetries for 17 outcomes, and major asymmetries for 33 outcomes ( Table 2 , Supplementary Figures 1 and 2 ).
Discussions
The present systematic review and meta-analysis demonstrates anatomical variants of the superior mesenteric vessels with impact in surgical dissection during radical resections for right colon and pancreatic head cancer. The superiority of meta-analyzing the anatomical findings over simply pooling the results is that data of individual studies are weighted initially, then combined 60 .
Over the latest decade, the implementation of minimally invasive surgery has dramatically increased in the field of colorectal surgery, given is proven superior perioperative outocomes 61, 62 . However, ongoing concerns were regarding the quality of the resected specimen and the long-term oncological outcomes, especially for the most refined techniques such as CME-CVL or D3 lymphadenectomy during right hemicolectomy 63, 64 . The right hemicolectomy with CME-CVL has a long, and without a plateau learning curve, correlating with the complex anatomy and necessity for meticulous dissection around critical structures 65 . The reported conversion rate in laparoscopic colectomy is 10-20%, one of the most frequent reasons for that being bleeding 66, 67 .
The CME-CVL or D3 lymphadenectomy require ligation of the ICV, RCV, Henle trunk, and MCV on their emergence from the SMV, and of the ICA, RCA, and MCA on their emergence from the SMA. In our meta-analysis, we found a wide range of anatomical variability of the major vascular structures, which suggests that surgical dissection during right hemicolectomy with CME-CVL is not straightforward, and should be done carefully, following the embryological planes. The D3 area has the following anatomical boundaries: -one cm from the right edge of the SMV 25 . Should be noted the difficulty of the CME-CVL surgical technique, which requires reflection of SMV to centrally ligate the colic arteries 68 . A recent concept included the ICA and RCA crossing lengths, which are the length of these arteries which traverse the anterior or posterior aspects of the SMV 22 . We found a pooled mean ICA, and RCA crossing lengths of 15.2 mm, and 20.7 mm, respectively (Fig. 6 ).
The reported incidence rate of metastasis in central ileocolic lymph nodes was up to 11.1%, which justifies the surgeon struggling to centrally ligate the vessels 42, 52, 69 .
In the present study, the ICA and ICV were the most constant anatomical structures and should be used as landmarks for starting dissection along the SMV axis. The RCA and RCV were the most inconstant anatomical structures. The middle colic vessels were constantly present. Should be noted that right and middle colic arteries were also multiple, two or even three, in a significant number of cases. The reported rate of intraoperative bleeding during minimally invasive colectomies range from 3% to 9.2% 70 . We found that ICA and RCA had a trajectory posterior to the SMV in 57.4% and 10.6%, which suggests the high risk of vein injury when the operating surgeon try to control bleeding from one of these pedicles, retracted posteriorly to the SMV.
The SRCV was a common anatomical structure in our study, being present in almost 74% of specimens. Should be noted the anatomical difference between the RCV, which drains the blood from the marginal veins of Table 2 . Pooled prevalence of the superior mesenteric vein and artery anatomical variants related to colon and pancreatic surgery. CI -confidence interval; CPT -colo-pancreatic trunk; GCT -gastro-colic trunk; GPTgastro-pancreatic trunk; GPCT gastro-pancreato-colic trunk; HA -hepatic artery; ICA -ileocolic artery; ICV -ileocolic vein, IMV -inferior mesenteric vein; IPDA -inferior pancreaticoduodenal artery; FJT -first jejunal trunk; LCA -left colic artery; MCA -middle colic artery; MCV -middle colic vein; ASPDV -anterosuperior pancreaticoduodenal vein; RGEV -right gastroepiploic vein; RCA -right colic artery; RCV -right colic vein; SMA -superior mesenteric artery; SMV -superior mesenteric vein; SV -splenic vein; SA -splenic artery; SRCV -superior right colic vein; LFK index within 1 was interpreted as no asymmetry, exceeding 1 but within 2 as minor asymmetry, and exceeding 2 as major asymmetry.
the ascending colon and the SRCV which drains the hepatic flexure of the colon. We consider inappropriate the terminology of accessory RCV or MCV be used for the anatomical structure that drains the hepatic flexure of the colon. We propose a common terminology which should include the SRCV terminology. The Henle trunk had a very complex and highly variable tridimensional anatomical structure. In 1868, Henle described a venous confluence formed by the RGEV and the superior right colic vein 71 , and Descomps and De Lalaubie added in 1912 the third element, the ASPDV 56, 72 . We are proposing a standardized terminology, with impact in the right colon, pancreatic, and gastric oncological resections (Table 3 and Fig. 7) . We propose the term Henle trunk to be used for any venous confluence between gastric, pancreatic and colic veins, which drains between the inferior border of the pancreas and up to 20 mm downward on the right-anterior aspect of the SMV. We propose that term 'gastrocolic trunk' should not be synonymous, but a subgroup of the Henle trunk, together with to 'gastropancreatocolic, gastropancreatic, or colopancreatic trunk' . To propose a common terminology, easy to be implemented in clinical practice, we grouped all the anatomical variants with a pooled prevalence less than 5.0% in the 'Type VI' ( Table 3 ). The Type I has the highest pool prevalence, and the Type V the lowest, but higher than 5%. Usually, intraoperative bleeding occurs through inadvertent traction by the surgical assistant, with tearing of these fragile veins.
Bertelsen et al. showed that CME-CVL technique is associated with higher rate of intraoperative organ injuries (9.1% vs. 3.6%, P < 0.001), including SMV lesions (1.7% vs. 0.2%, P < 0.001) 11 . The CME-CVL group had a higher rate of sepsis requiring vasopressors (6.6% vs. 3.2%, P = 0.001) and respiratory failure (8.1% vs. 3.4%, P < 0.001) 11 . Freund et al. described five cases (1.6%) of SMV injuries from a total of 304 radical right colectomies 73 . Only two of these injuries were observed during the initial surgery, and three patients required saphenous graft reconstruction, with one postoperative death 73 .
Preoperative planning of the right hemicolectomy and pancreatic resection, based on high-quality imaging, is expecting to decrease the rate of adverse intraoperative events while improving the quality of the resected specimen 33, 74, 75 . Mari et al. showed that patient's vascular mapping using CT angiography, before right hemicolectomy (38 patients), significantly reduced the operating time (130 16.3 vs. 147 28.2 minutes, P = 0.027), decreased the difficult identification of the mesenteric vessels intraoperative identification of the SMV (1 vs. 7 cases, P = 0.053), and decreased the intraoperative bleeding (P = 0.006) 76 .
Laparoscopic pancreaticoduodenectomy is a very complex procedure, which expands its indications and clinical implementation worldwide. The current evidence proposed a hospital threshold of 22 cases per year to minimize the associated postoperative complications 77 . However, in experienced centers, the long-term oncological outcomes of minimally invasive approach are non-inferior to the open surgery 78 .
The uncinate process pancreatic cancers (UPPC) have been regarded as tumors associated with an ominous prognosis and even lower resection rate compared with similar tumors located in the pancreatic head 14 . This is attributed mainly to their very intimate relationships with the superior mesenteric vessels 79 . A study comparing 161 patients with UPPC with 292 non-UPPC patients showed that uncinate tumors had a higher rate of SMA invasion (P < 0.001), lower resectability (P = 0.003), and lower R0 resection rate (22.3% vs. 35.6%, P = 0.003) 80 . After R0 resection, the UPPC patients had a poorer overall survival (median 21 vs. 26 months, P = 0.018), with a higher local recurrence rate (P = 0.038) and early occurrence of the local relapse (median 13 vs. 52 months, P < 0.001) 81 . We consider that careful preoperative planning of the surgical technique, and understanding of the complex vascular anatomy from the base of the mesenterium is especially important in patients with tumors located in the uncinate process of the pancreas. Miyazawa et al. used the tridimensional CT to map the Henle trunk vascular anatomy in 120 patients before pancreaticoduodenectomy 33 . The authors concluded that understanding of the vascular anatomy might prevent bleeding in the separation of the pancreas and transverse colon during pancreaticoduodenectomy, especially in obese patients 33 . For invasive pancreatic cancers in the uncinate Figure 6 . The boundaries of the D3 area (green area) and the frequency of presence for the ileocolic artery (ICA), right colic artery (RCA), and middle colic artery (MCA). It can be observed the ICA and RCA crossing lengths, and the pooled distance between the ICA to RCA origin distance.
SCIENTIFIC REPORTS | (2018) 8:4184 | DOI:10.1038/s41598-018-22641-x process, venous resection including spleno-mesenteric junction is often required to achieve R0 resection. In such cases, a marginal vein in the hepatic flexure later becomes a thick collateral drainage of the splenic venous flow 82 . SRCV often forms a part of this marginal way, and should be ligated as central as possible to preserve the passway. Careless sacrifice of SRCV at peripheral part causes defect of marginal passway, leading to intraluminal varices at the hepatic flexure or bleeding of varicose veins. If preservation of SRCV nor right colic vessels were not possible due to cancer invasion, concomitant right colectomy is needed. In such a case, reconstruction of the splenic vein would be an option to prevent postoperative sinistral portal hypertension.
Although the most comprehensive study in the literature about the topic according to our knowledge, should be acknowledged that this meta-analysis has several limitations, especially due to the heterogeneity of the terminology used in the included studies. Another important limitation of the current study is related to the inherent differences between imagistic, surgical and imagistic methods of vessel characterization. Third, between the included studies there was a significant variability of the patients' geographical origin, number of specimens, and pre-existing morbidities. However, by using the random effects model for pooled data and a large number of specimen analyzed we minimized the effects of heterogeneity.
Conclusions
The infra-pancreatic anatomy of the superior mesenteric vessels is widely variable. The surgical dissection during right hemicolectomy with CME-CVL is not straightforward and should be done carefully, following the embryological planes. We propose the term Henle trunk to be used for any venous confluence between gastric, pancreatic and colic veins, which drains between the inferior border of the pancreas and up to 20 mm downward on the right-anterior aspect of the SMV. The term gastrocolic trunk should not be synonymous, but a subgroup of the Henle trunk, together with to gastropancreatocolic, gastropancreatic, or colopancreatic trunk.
Methods
We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 83 and Meta-Analysis of Observational Studies in Epidemiology (MOOSE) 84 guidelines in conducting and reporting the results of this systematic review and meta-analysis.
Data sources and search strategy. We searched the PubMed/MEDLINE and Google Scholar databases, up to March 31, 2017. The search strategy combined key words related to the superior mesenteric vein and artery surgical anatomy. We used no language restrictions. We screened the reference list of the full-text articles to identify additional relevant studies. The search strategy used in PubMed/Medline database was detailed in Supplementary Table V .
Study selection. Study eligibility criteria:
We included all the studies detailing the branching pattern and morphometric data of the SMV and SMA. Exclusion criteria: (1) conference proceedings; (2) sample in a specific subset of the general population (e.g. portal hypertension patients); (3) animal studies; (4) case reports, review articles, editorials and letters to the editor; (5) We used a predefined electronic protocol; the disagreements being resolved by discussion. We extracted from full texts and supplemental materials the following data: year of publication, first author, title, journal, contact address, country of the study, inclusion and exclusion criteria, sample size, demographic data, subgroup of patients, method of vessels investigation, branching pattern of the SMV and SMA, diameter of vessels, anatomical relationships between the venous and arterial branches, distance between the origins of these vessels.
Quality assessment. We independently performed the quality assessment. The inter-observer agreement of the quality assessment was calculated using percent agreement and Cohen's kappa coefficient 86, 87 . The disagreements were resolved by a consensus process.
Statistical analysis.
For statistical analysis, we used as statistical software the MetaXL version 5.3 (EpiGear International Pty Ltd, Queensland, Australia) 88 , and openMeta[Analyst]TM 89 version 12.11.14. The venous and arterial branching pattern was defined by calculating the multi-categorical pooled prevalence. When the estimate for a specific study tends toward 0% or 100%, the variance moves toward zero, and in consequence, its weight is overestimated in a meta-analysis of prevalence 88 . Therefore, we preferred to use the double arcsine transformation over the logit when calculated multiple category prevalences, as this stabilizes the variance and makes it dependent only on the population size 88 . For the continuous data, we calculated the pooled mean of the superior mesenteric vein, artery, or of their branches. We used Cochran's Q test ( 2 ) and I 2 statistics to evaluate the studies' heterogeneity 90 . The P < 0.1 and a 50% were considered the cut-off value between low and high heterogeneity 91 .
To allow the between-study variation, we used the random-effect model meta-analyses 85 . To assess the publication bias we used the Begg's funnel plot 92 , Doi plot, and Luis Furuya-Kanamori (LFK) index 93 . An LFK index within 1 was interpreted as no asymmetry, exceeding 1 but within 2 as minor asymmetry, and exceeding 2 as major asymmetry. The subgroup analysis and meta-regression considered the influence on the size of the effect of the method of vessels characterization (surgical, imagistic Computed Tomography, Magnetic Resonance Imaging, Angiography or cadaveric dissection or corrosion casts), the continent origin of the study, year of publication, the number of included patients. Reasons for statistical heterogeneity were explored using sensitivity analyses, through the exclusion of specific studies one by one and compared the results.
Data availability. All the data are available at the corresponding authors and can be offered on request.
